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The present invention is directed to a method and device to
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1
APPARATUS AND METHOD FOR THERMAL
ASSISTED DESORPTION IONIZATION
SYSTEMS

PRIORITY CLAIM

This application is a continuation of (1) U.S. patent appli-
cation Ser. No. 14/455,611 entitled “APPARATUS AND
METHOD FOR THERMAL ASSISTED DESORPTION
IONIZATION SYSTEMS?”, inventors: Jordan Krechmer and
Brian D. Musselman, filed Aug. 8, 2014 which issued as U.S.
Pat. No. 8,963,101, which is a continuation of and claims
priority to (2) U.S. patent application Ser. No. 13/364,322
entitled “APPARATUS AND METHOD FOR THERMAL
ASSISTED DESORPTION IONIZATION SYSTEMS”,
inventors: Jordan Krechmer and Brian D. Musselman, filed
Feb. 2, 2012 which issued as U.S. Pat. No. 8,822,949 and
which claims priority to (3) U.S. Provisional Patent Applica-
tion No. 61/439,866 entitled “APPARATUS FOR THER-
MAL ASSISTED DESORPTION IONIZATION”, inventors
Jordan Krechmer and Brian D. Musselman, filed Feb. 5,
2011; (4) U.S. Provisional Patent Application No. 61/582,204
and entitled “APPARATUS AND METHOD FOR THER-
MAL ASSISTED DESORPTION IONIZATION SYS-
TEMS” by, inventors Jordan Krechmer and Brian D. Mussel-
man, filed Dec. 30, 2011, and (5) U.S. Provisional Patent
Application No. 61/587,218 and entitled “APPARATUS
AND METHOD FOR THERMAL ASSISTED DESORP-
TION IONIZATION SYSTEMS”, inventors Jordan Krech-
mer and Brian D. Musselman, filed Jan. 17,2012. The present
application is related to (6) U.S. patent application Ser. No.
13/797,409 entitled “APPARATUS AND METHOD FOR
THERMAL ASSISTED DESORPTION IONIZATION
SYSTEMS?”, inventors: Jordan Krechmer and Brian D. Mus-
selman, filed Mar. 12, 2013 which issued as U.S. Pat. No.
8,754,365, the contents of each of which ((1)-(6)) are herein
incorporated by reference in their entireties.

FIELD OF THE INVENTION

The present invention relates to methods and devices for
controlling the kinetic energy and/or the efficiency of desorp-
tion of neutral molecules from a surface.

BACKGROUND OF THE INVENTION

Development of devices for desorption ionization of mol-
ecules direct from solids, and liquids in open air using a direct
analysis in real time (DART) source has previously been
described in U.S. Pat. No. 6,949,741 “Atmospheric Pressure
Ionization Source” which is expressly incorporated by refer-
ence in its entirety. DART uses a heated carrier gas to effect
desorption of sample into that same carrier gas where gas
phase ionization occurs. Unfortunately, the heating of the
carrier gas to a sufficient temperature to enable desorption of
some analytes takes considerable time. Further, the transfer of
heat to the sample by that gas is not very efficient. A gas ion
separator described in U.S. Pat. No. 7,700,913, “Sampling
system for use with surface ionization spectroscopy” which is
expressly incorporated by reference in its entirety can be used
to improve the efficiency of sampling.

SUMMARY OF THE INVENTION

In various embodiments of the present invention, a mesh
can be placed between the source of ionizing gas, which can
be at atmospheric pressure, and the inlet of a spectrometer.
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The mesh can be made from a conductive material and can
carry an electrical current. In an embodiment of the invention
a sample can be deposited directly onto the mesh. A current
can be applied to the mesh in order to heat the wire. Sample
related molecules can be desorbed from or in close proximity
to the mesh. The desorbed molecules can interact with the
ionizing gas in the region between the mesh and the atmo-
spheric pressure ionization (API)-inlet of a spectrometer. The
ions that are formed from this interaction can enter the spec-
trometer for analysis. In an embodiment of the present inven-
tion, the desorbed molecules can enter the high pressure
region of a spectrometer by the action of an electrical field as
in the case of an ion mobility spectrometer (IMS). The ions
formed in the region immediately adjacent to the wire mesh
which in this case has a potential equivalent to the end of the
IMS enter the IMS spectrometer for analysis.

In various embodiments of the present invention, a mesh
can be placed between the source of ionizing gas, which can
be at atmospheric pressure, and the inlet of a spectrometer.
The mesh can be made from a conductive material and can
carry an electrical current. In various embodiments of the
invention a sample can be deposited directly onto the mesh. A
current can be applied to the mesh in order to heat the wire
desorbing ions and neutrals of the sample into the atmo-
spheric pressure region.

Sample related molecules can be desorbed from orin close
proximity to the mesh. The desorbed molecules can interact
with the ionizing gas in the region between the mesh and the
atmospheric pressure ionization (API)-inlet of a spectrom-
eter. The ions that are formed near to the wire mesh from this
interaction can enter the spectrometer for analysis at atmo-
spheric pressure or at a pressure that are higher than atmo-
spheric when electrical potentials are able to draw or push
those ions into the volume of the spectrometer.

In various embodiments of the present invention, two or
more mesh can be placed between the source of ionizing gas,
which can be at atmospheric pressure, and the inlet of a
spectrometer. The two or more mesh can be made from a
conductive material and can carry an electrical current. In
various embodiments of the invention two or more samples
can be deposited directly onto two or more of the mesh. A
current can be applied to the two or more of the sample
containing mesh in order to heat the wire mesh desorbing ions
and neutrals into the atmospheric pressure region. The kinetic
energy of ions desorbed from or in close proximity to the wire
mesh can be controlled by modulating the potential applied to
adjacent mesh or series of mesh. Control of the ion kinetic
energy in the region between the sample laden wire mesh and
the atmospheric pressure ionization (API)-inlet of a spec-
trometer can be used to improve the analysis of the two or
more samples. Control of the ion kinetic energy in the region
between the sample laden wire mesh and the atmospheric
pressure ionization (API)-inlet of a spectrometer is desirable
to improve the resolution of the spectrometer. The ions that
are formed from this interaction can enter the spectrometer
for analysis.

The kinetic energy of ions desorbed from or in close prox-
imity to the wire mesh can be controlled by modulating the
potential applied to the adjacent mesh or series of mesh.
Control of the ion kinetic energy in the region between the
sample laden wire mesh and the atmospheric pressure ioniza-
tion (API)-inlet of a spectrometer can be used to improve the
transfer of ions into the spectrometer for analysis of the one or
more samples. Application of an electrical potential to the
wire mesh enables limited control of the ion kinetic energy in
the region between the sample laden wire mesh and the atmo-
spheric pressure ionization (API)-inlet of a spectrometer
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which can have either a different electrical potential applied
to its surface or be operated at the same potential as that wire
mesh. Depending on the configuration of the spectrometer
inlet the application of a potential can be used to improve
resolution of the spectrometer. The ions that are formed near
to the wire mesh can enter the spectrometer for analysis at
atmospheric pressure or at a pressure that are higher than
atmospheric when electrical potentials are able to draw or
push those ions into the volume of the spectrometer.

In various embodiments of the invention, in order to con-
trol the ion energy of ions entering an ion mobility spectrom-
eter the wire mesh supporting the ionization can be placed
immediately in front of the wire mesh to which potential is
being applied in order to control ion kinetic energy. In the case
of'ion mobility spectrometers it can be necessary to introduce
ions at or very close to the potential of at the IMS entrance in
order for the ions to enter and be retained by the spectrometer.

In traditional IMS devices ionization of neutral molecules
occurs in the volume of the spectrometer. lons are generated
using radioactive particle emission from elements such as *H
(tritium), 5*Ni, or other radioactive materials. Plasma-based
ionization is also feasible using electrical discharge in the
volume of the sampling region in order to produce ions which
subsequently interact with the neutral molecules to ionize
them in that volume. The production of ions inside of the
volume of the IMS reduces the range of ion kinetic energies
for the ionized particles since the electrical field is uniform in
that region of ionization.

The position of the ionization source relative to the IMS
determines a distance over which ions trajectory must follow
before entering the IMS. Positioning of the IMS ionization
region even a very short distance away from the entrance to
the spectroscopy system results in a decline in achievable
resolution of the spectroscopy system. In the case of ambient
pressure ionization from a heated wire mesh, rapid vaporiza-
tion of the sample into the carrier gas from the sample laden
wire mesh can occur in close proximity to the entrance of the
IMS between the carrier gas source, and the inlet of the IMS
spectroscopy system. Thus the position of the sample laden
wire mesh relative to the entrance of the IMS spectrometer
influences the kinetic energy of the ions formed from those
desorbed molecules. The kinetic energy distribution of ions
that are formed immediately in the vicinity of the wire mesh
in close proximity to the IMS can be corrected. As the major-
ity of ions produced in the experiment are produced at or near
atmospheric pressure in close proximity to the wire mesh
those ions may be formed inside the volume of the ion mobil-
ity spectrometer (IMS). The kinetic energy of ions is related
to the electrical fields in which they are formed. Inthe caser of
the IMS systems the kinetic energy is thought to be uniform
when all ions are formed inside the tube, however in order to
effect sampling of ions for spectroscopic analysis a potential
is applied to wires that form a Bradbury-Nielson gate a short
distance away from the he ionizing region. The distance
between the BN-gate and the position where the ions are
formed effects their kinetic energy. The ability to change the
energy of the ions formed in very close proximity to the IMS
entrance improves the control of those ions afforded by the
ion focusing of the IMS. Application of a electrical potential
to the wire mesh in close proximity to the ionization region
therefore will change the ion kinetic energy of those ions that
are closer to the wire mesh to a greater degree than those that
have been formed further away from the wire mesh. Linking
the application of electrical potential applied to the wire mesh
with the electrical potential used to open and close the BN-
gate enables those ions that are further from the gate to catch
up to the ions that are closer thus generating a collection of
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ions that have a more uniform kinetic energy as they are
transferred from the ionization region into the ion separation
region of the spectrometer.

In an embodiment of the invention application of a poten-
tial to a wire mesh located between a wire mesh from which
sample molecules are being desorbed and the entrance the
spectrometer to which a different potential applied is used to
change the kinetic energy ofions formed in close proximity to
that wire mesh.

In an alternative embodiment of the invention application
of'a small potential to the kinetic energy controlling mesh will
result in rejection of the ions by the spectrometer. The action
of rejection ions whose kinetic energy is different than those
ions formed inside the atmospheric pressure region of the
spectrometer can be used to further improve the resolution of
the spectrometer as it reduces the kinetic energy of the ions
being sampled.

In various embodiments of the invention, in order to com-
plete a more rapid vaporization of the sample into the carrier
gas the sample laden mesh can be positioned between the
carrier gas source, a gas ion separator and the atmospheric
pressure inlet of a spectroscopy system.

In an alternative embodiment of the invention a sample can
be deposited onto a second surface that can be placed in close
proximity to the mesh through which the ionizing carrier gas
can flow. Sample related molecules can be desorbed from the
second surface as a result of the current applied to the mesh.
Sample related molecules can be desorbed from the second
surface as a result of heating of the mesh by increasing the
current running through the mesh. In various embodiments of
the invention, by increasing the current passed through the
wire, increased radiant heating can be generated. In various
embodiments of the invention, increased radiant heat can
effect desorption of less volatile components in a sample.

In an alternative embodiment of the invention a chemical
can be deposited onto a second surface that can be placed in
close proximity to the mesh through which the ionizing car-
rier gas can flow. Molecule of that chemical can be desorbed
from the second surface as a result of the current applied to the
mesh. In various embodiments of the invention, by increasing
the current passed through the wire, increased radiant heating
can be generated resulting in vaporization of the chemical
into the ionizing region where it might be ionized creating an
ion that might ionize other molecules. In various embodi-
ments of the invention, the chemical desorbed from the sec-
ond surface acts as a dopant for ionizing sample related mol-
ecules.

BRIEF DESCRIPTION OF THE DRAWINGS

This invention is described with respect to specific embodi-
ments thereof. Additional aspects can be appreciated from the
Figures in which:

FIG. 1 is a schematic diagram of a sampling probe includ-
ing a heated filament for sample desorption positioned
between a source for ionizing gas and the atmospheric pres-
sure inlet of a spectrometer;

FIG. 2 is a schematic diagram of a sampling system incor-
porating the mesh as a sample support for desorption ioniza-
tion positioned between a source for ionizing gas and a gas
ion separator positioned before the atmospheric pressure inlet
of a spectrometer, according to an embodiment of the inven-
tion;

FIG. 3 is a schematic diagram of a sampling system incor-
porating a power supply to heat the mesh positioned between
the ionizing gas source and a gas ion separator where analyte
has been placed on the mesh;
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FIG. 4(A) shows a partial mass chromatogram of the 325
Dalton ion produced during analysis and FIG. 4(B) shows the
mass spectrum containing the molecular ion for quinine at
325 Daltons obtained using a DART carrier gas temperature
of'50 degrees Centigrade while rapidly increasing the current
passing through the mesh supporting the sample from 0 Amps
at time=0, to 6 Amps at time=30 seconds;

FIG. 5A is a mass spectrum of a sample of Extra Virgin
Olive oil acquired using a thermal assisted DART source with
carrier gas temperature of 50 degrees Centigrade and a cur-
rent of approximately 4.5 Amps applied to the mesh accord-
ing to an embodiment of the invention;

FIG. 5B is a mass spectrum of a sample of Extra Virgin
Olive oil acquired using a thermal assisted DART source with
carrier gas temperature of 50 degrees Centigrade and a cur-
rent of approximately 6.5 Amps applied to the mesh accord-
ing to an embodiment of the invention;

FIG. 6 is a schematic diagram of a sampling system incor-
porating an ionizing gas source, a mesh with a porous mate-
rial applied to the mesh, a power supply to heat the mesh
according to an embodiment of the invention;

FIG. 7 is a schematic diagram of a sampling system incor-
porating an ionizing gas source with two mesh pieces with
independent power supplies, wherein the meshes are posi-
tioned between the ionizing gas source and the sample to be
analyzed where the sample is positioned in close proximity to
a gas ion separator which permits transfer of ions to the
API-inlet region of the mass spectrometer according to an
embodiment of the invention;

FIG. 8 is a schematic diagram of a sampling system incor-
porating an ionizing gas source with two mesh pieces heated
with a single power supply, wherein the meshes are posi-
tioned between the ionizing gas source and the sample to be
analyzed where the sample is positioned in close proximity to
a gas ion separator which permits transfer of ions to the
API-inlet region of the mass spectrometer according to an
embodiment of the invention;

FIGS. 9A, B, C and D are schematic diagrams of a sam-
pling system incorporating an ionizing gas source with a
mesh associated with a card and a reservoir, wherein the mesh
is positioned between the ionizing gas source and a gas ion
separator which permits transfer of ions to the API-inlet
region of the mass spectrometer according to an embodiment
of the invention;

FIG. 10 shows a drawing of a foam sponge plastic attached
to a mesh, according to an embodiment of the invention;

FIG. 11 shows a drawing of the liquid sample being applied
to a foam sponge plastic attached to a mesh associated with a
card, according to an embodiment of the invention;

FIG. 12 shows a drawing of Oolong tea leaves enclosed in
the mesh trough associated with a card, according to an
embodiment of the invention;

FIG. 13 shows a drawing of the foam sponge plastic
attached to a mesh associated with a card which can be heated
by a power supply, wherein the foam sponge plastic and the
mesh are positioned between the ionizing gas source and a gas
ion separator, according to an embodiment of the invention;

FIG. 14(A) shows a total ion chromatogram (TIC) over the
time interval zero to two minutes obtained using a DART
carrier gas temperature of 50 degrees Centigrade while rap-
idly increasing the current passing through the mesh support-
ing the sample applied to a foam sponge plastic from 0 Amps
at time=0, to 6 Amps at time=30 second; FIG. 4(B) shows a
partial mass chromatogram of the 195 Dalton ion produced
during the two minute analysis shown in FIG. 14(A); and
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FIG. 4(C) shows the mass spectrum obtained by summing the
spectra obtained between 0.68-1.08 minutes of the TIC
shown in FIG. 14A;

FIG. 15 shows a drawing of the two mesh associated with
a card, according to an embodiment of the invention;

FIG. 16 shows the mass spectrum obtained from a sample
of Oolong tea leaves enclosed in a mesh trough associated
with a card which was heated by a power supply according to
an embodiment of the invention;

FIG. 17 shows a conventional DART mass spectrum
obtained from a sample of Oolong tea leaves;

FIG. 18 shows a drawing of the two mesh associated with
a card positioned in close proximity to the API-inlet region of
a mass spectrometer, according to an embodiment of the
invention;

FIG. 19 shows the mass spectrum obtained from a sample
of'olive oil in toluene applied to a mesh and ammonia applied
to second mesh, wherein both mesh are associated with a card
which was heated by a single power supply (not shown),
according to an embodiment of the invention;

FIG. 20 shows the mass spectrum obtained from a sample
of'olive oil in toluene applied to a mesh associated with a card
which was heated by a power supply; and

FIG. 21 shows a drawing of the mesh trough associated
with a card, according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION
Definitions

The transitional term “comprising” is synonymous with
“including,” “containing,” or “characterized by,” is inclusive
or open-ended and does not exclude additional, unrecited
elements or method steps.

The transitional phrase “consisting of” excludes any ele-
ment, step, or ingredient not specified in the claim, but does
not exclude additional components or steps that are unrelated
to the invention such as impurities ordinarily associated with
a composition.

The transitional phrase “consisting essentially of” limits
the scope of a claim to the specified materials or steps and
those that do not materially affect the basic and novel char-
acteristic(s) of the claimed invention.

A vacuum of atmospheric pressure is 1 atmosphere=760
torr. Generally, ‘approximately’ in this pressure range encom-
passes a range of pressures from below 10" atmosphere=7.6x
10° torr to 107! atmosphere=7.6x10" torr. A vacuum of below
107> torr would constitute a high vacuum. Generally,
‘approximately’ in this pressure range encompasses a range
of pressures from below 5x107> torr to 5x107° torr. A vacuum
of below 107° torr would constitute a very high vacuum.
Generally, ‘approximately’ in this pressure range encom-
passes a range of pressures from below 5x107° torr to 5x10~°
torr. In the following, the phrase ‘high vacuum’ encompasses
high vacuum and very high vacuum. The prime function of
the gas ion separator is to remove the carrier gas while
increasing the efficiency of transfer of neutral molecules
including analyte molecules into the mass spectrometer.
When constructed from non conducting material, the gas ion
separator can also be used to insulate or shield the high
voltage applied to the inlet of the mass spectrometer.

A filament means one or more of a loop of wire, a segment
of wire, a metal ribbon, a metal strand or an un-insulated wire,
animal string, paper, perforated paper, fiber, cloth, silica,
plastic, plastic foam, polymer, teflon, polymer impregnated
teflon, cellulose and hydrophobic support material coated and
impregnated filaments.
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A metal comprises one or more elements consisting of
lithium, beryllium, boron, carbon, nitrogen, oxygen, sodium,
magnesium, aluminum, silicon, phosphorous, sulphur, potas-
sium, calcium, scandium, titanium, vanadium, chromium,
manganese, iron, cobalt, nickel, copper, zinc, gallium, ger-
manium, arsenic, selenium, rubidium, strontium, yttrium, zir-
conium, niobium, molybdenum, technetium, ruthenium,
rhodium, palladium, silver, cadmium, indium, tin, antimony,
tellurium, cesium, barium, lanthanum, cerium, praseody-
mium, neodymium, promethium, samarium, europium,
gadolinium, terbium, dysprosium, holmium, erbium, thu-
lium, ytterbium, lutetium, hafnium, tantalum, tungsten, rhe-
nium, osmium, iridium, platinum, gold, mercury, thallium,
lead, bismuth, polonium, francium and radium.

A plastic comprises one or more of polystyrene, high
impact polystyrene, polypropylene, polycarbonate, low den-
sity polyethylene, high density polyethylene, polypropylene,
acrylonitrile butadiene styrene, polyphenyl ether alloyed with
high impact polystyrene, expanded polystyrene, polyphe-
nylene ether and polystyrene impregnated with pentane, a
blend of polyphenylene ether and polystyrene impregnated
with pentane or polyethylene and polypropylene.

A polymer comprises a material synthesized from one or
more reagents selected from the group comprising of styrene,
propylene, carbonate, ethylene, acrylonitrile, butadiene,
vinyl chloride, vinyl fluoride, ethylene terephthalate, tereph-
thalate, dimethyl terephthalate, bis-beta-terephthalate, naph-
thalene dicarboxylic acid, 4-hydroxybenzoic acid, 6-hydrox-
ynaphthalene-2-carboxylic acid, mono ethylene glycol (1,2
ethanediol), cyclohexylene-dimethanol, 1,4-butanediol, 1,3-
butanediol, polyester, cyclohexane dimethanol, terephthalic
acid, isophthalic acid, methylamine, ethylamine, ethanola-
mine, dimethylamine, hexamthylamine diamine (hexane-1,
6-diamine), pentamethylene diamine, methylethanolamine,
trimethylamine, aziridine, piperidine, N-methylpiperidine,
anhydrous formaldehyde, phenol, bisphenol A, cyclohex-
anone, trioxane, dioxolane, ethylene oxide, adipoyl chloride,
adipic, adipic acid (hexanedioic acid), sebacic acid, glycolic
acid, lactide, caprolactone, aminocaproic acid and or a blend
of'two or more materials synthesized from the polymerization
of these reagents.

A plastic foam means a polymer or plastic in which a
bubble containing a gas is trapped including polyurethane,
expanded polystyrene, phenolic foam, XPS foam and quan-
tum foam.

A mesh means one or more of two or more connected
filaments, two or more connected strings, foam, a grid, per-
forated paper, screens, paper screens, plastic screens, fiber
screens, cloth screens, polymer screens, silica screens, Tetflon
screens, polymer impregnated Teflon screens, cellulose
screens and hydrophobic support material coated or impreg-
nated mesh. In various embodiments of the invention, a mesh
includes one or more of three or more connected filaments,
three or more connected strings, mesh, foam, a grid, perfo-
rated paper, screens, plastic screens, fiber screens, cloth and
polymer screens.

Deployed means attached, affixed, adhered, inserted,
located or otherwise associated. Thus a paper screen can be
deployed on a card where the paper for the screen and the
paper for the card are of a unitary construction. A card means
a sample holder. A card can be made of one or more of paper,
cardboard, insulating materials, conductive materials, plastic,
polymers, minerals and metals. A reservoir is a vessel used to
contain one or more of a liquid, a gas or a solid sample.

In the following description, various aspects of the present
invention will be described. However, it will be apparent to
those skilled in the art that the present invention may be
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practiced with only some or all aspects of the present inven-
tion. For purposes of explanation, specific numbers, materi-
als, and configurations are set forth in order to provide a
thorough understanding of the present invention. However, it
will be apparent to one skilled in the art that the present
invention may be practiced without the specific details. In
other instances, well-known features are omitted or simpli-
fied in order not to obscure the present invention.

Parts of the description will be presented in data processing
terms, such as data, selection, retrieval, generation, and so
forth, consistent with the manner commonly employed by
those skilled in the art to convey the substance of their work to
others skilled in the art. As is well understood by those skilled
in the art, these quantities (data, selection, retrieval, genera-
tion) take the form of electrical, magnetic, or optical signals
capable of being stored, transferred, combined, and otherwise
manipulated through electrical, optical, and/or biological
components of a processor and its subsystems.

Various operations will be described as multiple discrete
steps in turn, in a manner that is most helpful in understanding
the present invention; however, the order of description
should not be construed as to imply that these operations are
necessarily order dependent.

Various embodiments will be illustrated in terms of exem-
plary classes and/or objects in an object-oriented program-
ming paradigm. It will be apparent to one skilled in the art that
the present invention can be practiced using any number of
different classes/objects, not merely those included here for
illustrative purposes.

The invention is illustrated by way of example and not by
way of limitation in the figures of the accompanying drawings
in which like references indicate similar elements. It should
be noted that references to ‘an’ or ‘one’ embodiment in this
disclosure are not necessarily to the same embodiment, and
such references mean at least one.

There remain encumbrances to the employment of the
DART technique for a variety of samples and various experi-
mental conditions. Previously, in order to facilitate more
comprehensive analysis of samples the DART desorption
ionization method utilized heating of the carrier gas, which
contains the metastable species. As the carrier gas tempera-
ture was increased molecules were vaporized where interac-
tion with the metastable species resulted in ionization of the
molecules. This transfer of energy using heated gas limits the
efficiency of the analysis process. It results in consumption of
large volumes of gas and more significantly adds a significant
delay to the time taken for the analysis. The time required to
increase the carrier gas temperature by three hundred degrees
can be several minutes. In contrast, the time required for
collection of the mass spectrum at the optimum temperature
can be as short as a second. Enabling more efficient heating
using a metal substrate often results in an increase in thermal
decomposition of the material of interest. Likewise, employ-
ing more efficient heating of the carrier gas is difficult to
achieve without negatively affecting the metastable species
present in the carrier gas.

Invarious embodiments of the invention placing sample on
aporous surface directly in the path of the carrier gas such that
the gas flows through it, the so called “transmission-DART”
configuration results in a method that does not require heating
of' the ionizing gas. In various embodiments of the invention,
the transmission-DART configuration results in less thermal
degradation of the analyte prior to gas phase ionization. In
various embodiments of the invention, the transmission-
DART configuration results in generation of mass spectra
with fewer ions derived from thermal decomposition of the
sample than observed in conventional open air ionization
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experiments. In various embodiments of the invention, the
transmission-DART configuration uses significantly lower
volumes of gas carrier during the experiment. In various
embodiments of the invention, the transmission-DART con-
figuration reduces the function of the carrier gas to providing
the metastable species for ionization. In various embodiments
of the invention, the transmission-DART configuration heats
the porous surface by directing electrical current through a
mesh in close proximity to the porous surface which transfers
heat to the sample. In various embodiments of the invention,
the transmission-DART configuration lowers the carrier gas
temperature enabling an increase in spatial resolution of the
analysis since only molecules from the heated region vapor-
ize. In various embodiments of the invention, the transmis-
sion-DART configuration allows direct heating of specific
regions of the mesh to facilitate higher throughput analysis
since samples can be placed in closer proximity to each other.
In various embodiments of the invention, the application of
the transmission-DART configuration to heating of porous
surfaces results in more rapid desorption than available by the
conventional DART experiment.

In various embodiments of the invention the sample is
deposited on a second surface in close proximity to the mesh
in order for the heat generated from the application of current
to the mesh to cause desorption of molecule from that sample
into the gas phase where ionization occurs.

In an alternative embodiment of the present invention,
separate aliquots of the sample are placed on separate mesh
pieces and placed in close proximity to one another in the
presence of the same ionizing gas in order that the tempera-
ture of the gas and the temperature of the unheated mesh
simultaneously increase to effect desorption of molecules
into the gas phase for analysis of the sample. In various
embodiments of the invention the mesh is surrounded by a
porous material to which sample has been applied for analy-
sis. After positioning the sample in the region between the
ionizing gas source and the inlet of the spectrometer a current
is applied to the mesh to complete heating of the surrounding
material and desorption of molecules into the gas phase for
ionization.

Direct Ionization in Real Time (DART) (Cody, R. B.,
Laramee, J. A., Durst, H. D. “Versatile New lon Source for the
Analysis of Materials in Open Air under Ambient Condi-
tions” Anal. Chem., 2005, 77, 2297-2302 and Desorption
Electrospray Surface lonization (DESI) (Cooks, R. G., Ouy-
ang, 7., Takats, 7., Wiseman., J. M. “Ambient Mass Spec-
trometry”, Science, 2006, 311, 1566-1570; both articles are
herein explicitly incorporated by reference in their entireties,
are recent developments enabling surface desorption ioniza-
tion by producing ions in open air for detection with mass
spectrometer systems. Since the invention of DART a variety
of gas-based open air ionization systems have been demon-
strated including but not limited to, Plasma Assisted Desorp-
tion/Ionization also known as Dielectric Barrier Discharge
ITonization (PADIL, DBDI or DCBI), Desorption Atmospheric
Pressure Chemical Ionization (DAPCI), Desorption Sonic
Spray Ionization (DeSSI), Desorption Atmospheric Pressure
Photoionization (DAPPI), and Flowing Atmospheric-Pres-
sure Afterglow (FAPA). The ability to desorb and ionize intact
molecules in open air offers a number of advantages for rapid
real time analysis of analyte samples. In the case of the DART
ionization source, the ability to vary the carrier gas tempera-
ture has been used to permit thermal profiling of samples.
This application of heat has permitted a more thorough detec-
tion of the various components of the sample. This is espe-
cially true when the components of the sample have different
vapor pressure. Unfortunately due to the resistive character of
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heaters and the large volume of gas that these methods use to
transfer heat into the sample, operation at high temperature
involves a number of limitations. For example, waiting for the
temperature of the gas exiting the source to increase to a
desired temperature can take several minutes slowing the
analysis of sample considerably.

Determination of the chemical composition of solid
objects or materials present on the surface of those objects is
facilitated by removing those materials to a chemical ana-
lyzer. Methods for removing chemicals from the surface
include the use of heated gas, heat source capable of radiating
heat to the surface, application of liquid such as water or
solvents to dissolve chemicals present on or comprising the
surface. In various embodiments of the invention it is desir-
able to desorb neutral molecules from a surface by using jets
supplying steam or heated water. In various embodiments of
the invention, it is desirable to apply a vacuum in the vicinity
of the surface to remove the desorbed neutral molecules
released from the surface. This combination combines the
action of heated water vapor desorbing material from the
surface while also applying suction to quickly remove the
vapor from the surface area thus avoiding condensation of the
liquid back onto the surface.

A problem in chemical analysis is that the use of water can
damage many chemical sensors therefore generally speaking
the water vapor is condensed and used in the liquid form. For
reasons associated with improved analysis throughput and
the determination of chemicals that might be present on sur-
faces that are porous, such as baggage, clothing, cardboard
and inside of packaging that might be sealed for purposes of
protecting the chemicals inside from analysis a directed jet of
heated water vapor or steam can be used to remove molecules
from surfaces or in the immediate proximity of surfaces in
order to achieve a through chemical analysis.

In many cases containers carrying illicit materials such as
narcotics or food are packaged in plastic so as to prevent
exposure to liquid or other chemicals. Plastic packaging is not
thought to be permeable, however owing to the need to keep
the material flexible small molecules defined as plasticizers
are an integral part of the composition of that packaging
material. The use of plasticizers effectively means that there
is aliquid component of the plastic that may move freely from
one inside the container to outside the container. Movement
of'a molecule from one surface to another and back again can
be driven by alternating hot and cold treatments to increase
the movement of molecules. While plasticizers are generally
thought of as inert molecules, they contain functional chemi-
cal subunits that are capable of binding and releasing chemi-
cals that they come into contact with, even when the contact
period is a short period of time. In various embodiments of the
invention, a pulsed jet of heated water vapor can be directed at
the outside surface of a plastic package to interrogate the
composition of the contents of the plastic package.

In the case of a customs inspection, some chemicals are
deemed to be too dangerous to open. Simple economics pre-
vail and often high value chemicals are mislabeled for import
to save on duties. The capability to essentially extract an
infinitesimal volume of sample with a benign sampling pro-
tocol can aid these investigators. In various embodiments of
the invention, ajet ofheated water vapor can be directed at the
outside surface of a plastic package to interrogate the com-
position of the contents of the plastic package.
Determination of Fatty Acid Content of Triacyl-Glycerides

A method for direct formation of methyl-esters in the
heated injector of a gas chromatography instrument demon-
strated the potential for bypassing the time consuming
saponification step. The experiment incorporated mixing a
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chemical reagent, tetramethyl ammonium hydroxide, with
the analyte followed by injection into the heated volume of
the GC injector leading to a simultaneous hydrolysis of the
acid and its methylation, a trans-esterification. In an embodi-
ment of the invention alternate reactants can be used for direct
formation of methyl-esters including but not limited to boron
trifluoride in methanol, tetramethyl ammonium chloride and
similar reagents commonly used for the trans-esterification of
fatty acids.

In an embodiment of the invention, a triacyl-glyceride con-
taining sample is combined with a methylating reagent in
open air on a conducting screen which can be rapidly heated
by application of an electric current to the screen. Rapid
heating of the screen as inert carrier gas containing metastable
helium atoms flow through the screen leads to desorption of
the reaction products into the vapor phase where ionization
occurs. The use of inert gas results in generation of protonated
molecules of the fatty acid methyl esters. The reaction prod-
ucts can be detected in seconds using a mass spectrometer.

In an embodiment of the invention, determination of the
type and percentage of fatty acids present in the original
sample can be accomplished by measuring the relative ratios
of each fatty acid methyl ester. This can typically be carried
out by introducing isotopically labeled fatty acids to the origi-
nal reaction mixture prior to heating and desorption ioniza-
tion. While the relative ionization potential of individual fatty
acid methyl esters may vary, the use of these standards will
serve to provide correction coefficients for use in assigning
the relative ratio of the fatty acids present in the mixture.

Thermal desorption of samples in the DART carrier gas
stream can be carried out using a heated filament. This tech-
nique can produce ions characteristic of the analyte mol-
ecules present in the sample. As shown in FIG. 1, sample
analysis can be completed by applying a small amount of
sample onto a probe (102) with a filament at its distal end
(128) and inserting the filament into the gap between the
DART source (101) and the API-inlet of the mass spectrom-
eter (152). A variable current power supply (160) can be used
to heat the wire and desorb analyte molecules. The resulting
mass spectrum contains the ions typically observed for the
DART experiment however placing the filament in close
proximity to the atmospheric pressure inlet resulted in a weak
signal which was consistent with dramatically lowered and
therefore unstable ion production. As unstable ion current can
have a deleterious effect on both reproducibility and sensitiv-
ity the approach was inadequate for use in quantitative analy-
sis and detection of trace contaminants which require stable
background for signal processing.

In order to address the issue of instability caused by the
electrical field in the desorption ionization region a large
format mesh (216) inserted in a mesh holder (290) can be
placed in the region between the DART source (201) and the
API inlet of the mass spectrometer (252) and a gas ion sepa-
rator used as an insulator/isolator (234). A gas ion separator is
a device that can improve the signal to noise ratio of DART
ionization. The gas ion separator can consist of a short length
of tubing placed between the desorption ionization region at
the distal end of the DART source and the API inlet of the
spectrometer. The gas ion separator can be used to transport
ions to the API-inlet. However as it can also act in this experi-
ment as an electrical insulator or isolator. In various embodi-
ments of the invention shown in FIG. 2, a gas ion separator
(234) can be positioned between the mesh (216) and the
APl-inlet of the mass spectrometer (252) resulting in
increased ion production while not limiting the amount of
carrier gas introduced into the spectrometer. The implemen-
tation of this experimental configuration diminished the
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instability by increasing the distance between the metal ofthe
wire to which the sample was applied and the metal surface of
the atmospheric pressure inlet (252), which often carries a
high electric potential. The mass spectra acquired by using a
direct probe inserted in the gap between the DART source and
the API-inlet of the mass spectrometer can therefore be sta-
bilized by using the gas ion separator (234).

The experimental configuration where the mesh is loaded
with sample and placed between the DART source and API
inlet of the mass spectrometer detector is referred to as the
“Transmission DART” mode. In various embodiments of the
invention, the heated ionizing carrier gas flows through and
across the mesh surface rather than around it. In various
embodiments of the invention, Transmission DART promotes
desorption ionization and detection of molecules with good
sensitivity. The observation that ionization was possible at
lower carrier gas temperature when using the mesh compared
to desorption directly from a non-conducting surface as in
conventional DART, i.e., with desorption from a glass capil-
lary tube led to the design of a rapid heating system.

In various embodiments of the invention, shown schemati-
cally in FIG. 3 aheated carrier gas exits a DART source (301)
and contacts a sample coated onto a mesh (316). The mesh
(316) can be positioned between the source (301) and the
proximal end of a gas ion separator (334) capable of trans-
porting ions produced from that sample to the sampling
region of an atmospheric pressure inlet of the mass spectrom-
eter. Separate electrical leads from the positive and negative
terminals of a variable current, low voltage power supply
(360) can be connected to opposite sides of the wire grid in
order to supply an electric current through the mesh.

In various embodiments of the invention, positioning a
sample stage comprised of a mesh placed in-line between the
exit of the DART source and the API inlet of the spectrometer
enables Thermally Assisted ionization of analytes using
DART, (TA-DART). In various embodiments of the inven-
tion, using the DART source with room temperature carrier
gas and passing approximately 1-7 Amps of current through
the mesh resulted in the desorption ionization of molecules in
a few seconds. The mass spectra measured were comparable
to mass spectra obtained with the carrier gas increased to high
temperatures (above 300 degrees Centigrade). The mass
spectra measured with heated carrier gas required several
minutes before the measurement could be undertaken. In
various embodiments of the invention, using the DART
source with room temperature carrier gas for analysis of an
aliquot of quinine deposited on the mesh was completed in
less than 25 seconds by rapidly raising the current passing
through the mesh from approximately 0 Amps initially to
approximately 6 Amps. The resulting mass chromatogram
(FIG. 4(A)) shows arapid desorption profile. FIG. 4(B) shows
the mass spectrum of the [M+H]* ion region with little or no
fragmentation or oxidation. Under conventional DART
analyses conditions desorption of quinine requires a gas tem-
perature of approximately 300 degrees Centigrade. The spec-
tra from experiments carried out with TA-DART revealed
similar sensitivity and signal intensity for molecules of inter-
est detected as intact protonated molecules to those of the
conventional DART experiment.

Olive Oil contains predominantly triglycerides with
approximate mass of 900 Dalton. The TA-DART spectra for
Olive Oil revealed an unexpected result compared with the
conventional DART. The spectrum shown in FIG. 5A (with
ions at m/z 371.0, 577.8, 603.6, 876.4, 902.4 and 903.4) is
similar to conventional DART analysis of this type of oil, see
for example Vaclavik, L., Cajka, T., Hrbek, V., Hajslova, J.,
Ambient mass spectrometry employing direct analysis in real
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time (DART) ion source for olive oil quality and authenticity
assessment. Analytica Chimica Acta 645 (2009) 56-63, which
article is herein explicitly incorporated by reference in its
entirety. FIG. 5A was acquired as the current applied to the
mesh was at an intermediate value of approximately 4.5
Amps. The presence of numerous ions in the mass range from
250-600 Dalton can be due to thermal degradation products of
the intact triglycerides. However, as shown in FIG. 5B (with
ions at m/z 603.8, 604.8 876.4, 902.5, 903.6 and 904.5) a
significant decrease in low mass ions was observed in the
TA-DART spectrum when an even higher current of approxi-
mately 6.5 Amps was applied to the mesh. For example, there
was a reduction in relative abundance of diglyceride related
ions in the 500-610 Dalton mass range and the absence of
mono-glyceride related ions in the 250-400 Dalton mass
range. The cleaner mass spectrum produced by using higher
current TA-DART can be easier to interpret since the spec-
trum is dominated by the major intact ions. This result was
consistently observed even when very high currents were
used to generate temperatures on the wire surface signifi-
cantly higher than temperature normally achieved in conven-
tional DART with a heated carrier gas.

In various embodiments of the invention, TA-DART gen-
erates protonated intact molecules that would normally
require a DART carrier gas temperature in excess of approxi-
mately 400 degrees Centigrade. In various embodiments of
the invention, TA-DART can be used to measure a spectrum
of a sample in approximately Y2oth of the time required to
measure a spectrum of a sample with Conventional DART
using carrier gas heated to a temperature of approximately
400 degrees Centigrade. In various embodiments of the
invention, TA-DART results in a significant reduction in the
production of ions derived from thermal degradation. In vari-
ous embodiments of the invention, TA-DART can enable a
wider field of use of DART.

Reducing thermal decomposition of triglycerides has a
practical application in the direct analysis of blood for chemi-
cals of interest. DART analysis of blood plasma and whole
blood spots for pharmacological studies have produced abun-
dant low mass ions which limited the utility of the method, see
for example ZhaoY., L. M., Wu D., Mak R., Quantification of
small molecules in plasma with direct analysis in real time
tandem mass spectrometry, without sample preparation and
liquid chromatographic separation. Rapid Communications
in Mass Spectrometry, 2008, 22(20): p.3217-3224 and Yu, S.,
et al., Bioanalysis without Sample Cleanup or Chromatogra-
phy: The Evaluation and Initial Implementation of Direct
Analysis in Real Time lonization Mass Spectrometry for the
Quantification of Drugs in Biological Matrixes. Analytical
Chemistry, 2008. Anal. Chem. 2009, 81, 193-202, both
articles are herein explicitly incorporated by reference in
there entireties.

Since the mass of many drug candidates is in the same mass
region as the products of lipid decomposition a reduction in
generation of those products would be especially desirable.
The potential that TA-DART might produce a simpler mass
spectrum from human and animal blood which contains trig-
lycerides with greater fatty acid diversity as well as signifi-
cant concentration of phosphatidyl-ethanol amines, phos-
phatidyl-cholines, phosphatidyl-serines and phosphatidyl-
inositols can enable lower detection limits for drug
components.

A comparison of the mass spectra from whole blood by
conventional DART and TA-DART confirmed the utility of
the TA-DART method for detection of drugs in blood. The
absence of major ions in the low mass range with TA-DART

10

15

20

25

30

35

40

45

50

55

60

65

14

suggest that many drugs in that mass range can be more easily
detected with greater signal-to-noise.

Another class of thermally sensitive molecules includes
pesticides. Fruit can be sampled by rubbing the fruit on a
piece of polyethylene foam material. After sample collection,
the piece of foam was positioned between the conventional
DART source and entry tube of the gas ion separator attached
to the API-MS. Heating the DART carrier gas from approxi-
mately 150° C.-400° C. required 2 minutes during which time
the pesticides collected on the foam were ionized and trans-
ferred to the mass spectrometer for detection. The pesticides
were desorbed over very long periods of time making quan-
titation difficult. The thermal properties of the foam, unlike
the mesh, increased the time needed to reach the maximum
temperature. Placing a mesh in close proximity to the foam
can allow a more rapid heating of the foam thus facilitating
more rapid analysis. FIG. 6 shows a schematic diagram of a
sampling system incorporating a mesh (616) inserted in a
holder (690) positioned between the ionizing gas source
(601) and porous material (678) upon which the sample to be
analyzed is applied, where the porous material (678) is posi-
tioned in close proximity to a gas ion separator (634) which
permits transfer of ions to the API-inlet of the mass spectrom-
eter according to various embodiments of the invention. A
power supply (660) is used to heat the mesh.

In various embodiments of the invention, the foam sponge
plastic 1010 shown attached to the wire mesh 1020 applied to
a card holder in FIG. 10 can be used to contain a solid, liquid
or gas/liquid sample. As shown in FIG. 11, a liquid sample
can be deposited from a pipette 1140 onto the foam sponge
plastic 1010 shown attached to the wire mesh 1020 associated
with a card holder 1130. FIG. 13 shows a foam sponge plastic
1010 attached to a mesh 1020 associated with a card 1130
mounted on the entrance to a mass spectrometer 1370 posi-
tioned between the ionizing gas source 1360 and a gas ion
separator (not shown) which permits transfer of ions to the
API-inlet region of a mass spectrometer (not shown). F1G. 14
shows (A) a total ion chromatogram (TIC) over the time
interval zero to two minutes obtained using a carrier gas
temperature of 50 degrees Centigrade while rapidly increas-
ing the current passing through the mesh supporting the
sample applied to a foam sponge plastic from 0 Amps at
time=0, to 6 Amps at time=30 second; (B) a partial mass
chromatogram of the 195 Dalton ion produced during the two
minute analysis shown in FIG. 14A; and (C) the mass spec-
trum (including ions at m/z 217.0 and 233.9) obtained by
summing the spectra obtained between 0.68-1.08 minutes of
the TIC shown in FIG. 14A.

Invarious embodiments of the invention, a non-conducting
porous material is placed between a pair of mesh strips to hold
the non-conducting material positioned immediately
between the DART source and the API inlet. The current to
the mesh can be gradually increased in order to both imple-
ment a source of radiant heat near the non-conducting mate-
rial (foam) and increase the gas temperature as it passed
through the mesh.

FIG. 7 shows a schematic diagram of a sampling system
incorporating two meshes (716, 718) with two power supplies
(760,762, only a portion of the 760 circuit is shown), wherein
the meshes (716, 718) are positioned between the ionizing gas
source (701) and the sample to be analyzed, where the sample
is positioned in close proximity to a gas ion separator (734)
which permits transfer of ions to the API-inlet region of the
mass spectrometer according to various embodiments of the
invention.

FIG. 8 shows a schematic diagram of a sampling system
incorporating two meshes (816) with a single power supply
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(860), wherein the meshes (816) are positioned between the
ionizing gas source (801) and the sample to be analyzed,
where the sample is positioned in close proximity to a gas ion
separator (834) which permits transfer of ions to the API-inlet
region of the mass spectrometer according to various embodi-
ments of the invention. A variable resistor (872) is used to
apply different currents to the two different meshes. The
device shown in FIG. 8 enables the passage of different cur-
rents through two or more different meshes in order to differ-
entially desorb samples from the two or more different
meshes (816). In various embodiments of the invention, the
device shown in FIG. 8 can be used to generate dopant gas to
promote ionization of sample molecules. In various embodi-
ments of the invention, the device shown in FIG. 8 can be used
to vaporize a reference molecule independent of the sample
molecule in order to facilitate accurate mass measurement. In
various embodiments of the invention, the device shown in
FIG. 8 can be used to vaporize a reference molecule indepen-
dent of the sample molecule in order to perform quantitation
of'the sample molecule. The variable resistor 872 can be used
to adjust the current thus permitting more accurate adjust-
ment of the temperature applied to the second mesh. In vari-
ous embodiments of the invention, the device shown in FIG.
8 can be used to vaporize a reference molecule independent of
the sample molecule in order to determine a correlation
between current applied and temperature on the mesh so that
the current applied to the second mesh can be adjusted to a
specific temperature.

In various embodiments of the invention, two wire mesh
1520 and 1522 associated with a card 1530 as shown in FIG.
15 can be heated by a single power supply (not shown) and
used to analyze a sample. FIG. 18 shows (the side perspec-
tive) of the two mesh 1520 and 1522 associated with a card
1530 from FIG. 15 mounted on the entrance to a mass spec-
trometer 1370, between the distal end of the ionizing source
1360 and the API-inlet region 1750. FIG. 19 shows the mass
spectrum (with ions at m/z 603.4, 902.4 and 918.1) obtained
from a sample of a solution containing 1% olive oil dissolved
in toluene an aliquot of which is applied to the first mesh
placed between the distal end of the ionizing source and a
second mesh to which a solution of ammonia was applied,
wherein both mesh are associated with a card configured to
permit heating by a single power supply. For comparison,
FIG. 20 shows the mass spectrum (with ions at m/z 339.6,
603.8, 876.7 and 902.4) obtained from analysis of an aliquot
of olive oil dissolved in toluene applied to a single mesh
associated with a card which was heated by a power supply.
The use of ammonia as a dopant (see FIG. 19) increased the
formation of the ammonia adduct of the triglycerides while
decreasing the abundance of the protonated molecules (not
intense) (see FIG. 20).

FIG. 9A shows a schematic diagram of a sampling system
incorporating a card (999) with a cut out region (998), and a
reservoir (994) wherein one or more tubes (990,992, 996) are
associated with the reservoir (994) and the card (999) is
positioned between an ionizing gas source (901) and a gasion
separator (934) which permits transfer of ions to the API-inlet
region of the mass spectrometer according to various embodi-
ments of the invention. In various embodiments of the inven-
tion, a sample can be introduced into the reservoir (994)
through one or more tubes (990, 992) to allow for liquid
analysis transmission mode DART. In various embodiments
of the invention, a filament or a mesh (not shown) can be
positioned associated with the card (999) at the cut our region
(998). In alternative embodiments of the invention, no fila-
ment or mesh is associated with the cut our region (998) and
the gaseous sample interacts with the ionizing species in the
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cut out region (998). A sample in the reservoir (994) can be
introduced into the cut out region (998) through a tube (996).
In various embodiments of the invention, the device shown in
FIG. 9A can be used to introduce a solid, liquid or gaseous
sample from the reservoir (994) for desorption and ionization.
In various embodiments of the invention, the device shown in
FIG. 9A can be used to continuously introduce a liquid
sample for desorption and ionization. In embodiments of the
invention, a filament positioned in the cut out region (998) can
be used to create a potential difference between a conducting
tube (996) to electrospray the sample into the cut out region
(998). In various embodiments of the invention, the device
shown in FIG. 9A can be used to apply a current at regular
intervals to a mesh associated with the cut out region (998) to
enable the periodic desorption of introduced liquid or gaseous
samples. In various embodiments of the invention, in the
device shown in FIG. 9A, the tube (990) can be coupled to a
liquid chromatography system for desorption and ionization
of'the analytes eluted off the chromatographic material (994).
In alternative embodiments of the invention, the chromatog-
raphy can be accomplished prior to introduction of the stream
onto the card and the volume of the reservoir minimized to the
volume of the tubing (990, 992, 996).

In various embodiments of the invention, the reservoir
shown in FIG. 9A can be depressed by the application of a
trigger (991) to the reservoir (994) as shown in FIGS. 9B-9D.
In various embodiments of the invention, by sealing or using
a one way valve to stop flow through the introduction tube
(see 990, 992 in FIG. 9A), the trigger (991) applies pressure
to a flexible reservoir which dispenses the solution or vapor
through tube (996) into the cut out region (998) of the card
(999) (see FIGS. 9B-9D). The flexible reservoir can be made
of rubber or a variety of plastics with sufficient elasticity to
allow perturbation to deliver the solution or vapor. In various
embodiments of the invention, the flexible reservoir can allow
reloading of a sample after the solution or vapor has been
delivered. In another embodiment of the invention, the reser-
voir is static and relies upon the application of electric fields
or electro hydrodynamic pressure to deliver a solution
through the tube (996).

In various embodiments of the invention, a series of differ-
ent mesh strips through which different currents can be
directed permits collection of multiple mass spectra from the
same sample at different temperatures. This configuration can
be desirable in order to avoid heating the sample too rapidly
resulting in the rapid desorption of low mass, or more volatile
molecules.

In various embodiments of the invention increasing the
density of the mesh positioned between the source and proxi-
mal end of the gas ion separator results in a reduction in the
number of ions related to the atmosphere surrounding the
sample being detected. Analysis of samples with mesh posi-
tioned between the source and API-inlet also decreases the
abundance of ions from the ambient air which normally con-
tributes significant background to the mass spectrum. The
reduction in background relative to production of sample
related ions improves the signal-to-noise resulting in an
increase in the sensitivity of the DART technique when using
the mesh as a sample containment device.

In various embodiments of the invention, a mesh includes
two or more components in physical contact selected from the
group consisting of two or more connected wires or two or
more connected strings, foam, polymers, silica, cellulose, and
hydrophobic support material. In various embodiments of the
invention, a mesh includes two or more components physi-
cally bound together selected from the group consisting of
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two or more connected wires or two or more connected
strings, foam, polymers, silica, cellulose, and hydrophobic
support material.

In various embodiments of the invention, a mesh can be
contacted with the analyte and can then be analyzed. In vari-
ous embodiments ofthe invention, a mesh can be in the spatial
vicinity of the analyte, the mesh can be heated and the analyte
analyzed.

In various embodiments of the invention, the heating of the
mesh can be effected through the use of an infra-red (IR ) laser.
In various embodiments of the invention, the heating of the
mesh can be accomplished by directing an IR laser onto
specific sites on a mesh. The IR laser frequency can be
absorbed by water molecules and the energy converted into
heat to effect the desorption of the analyte.

In various embodiments of the invention, the heating or
cooling of the mesh can be affected through the conductive
transfer of heat from a heat sink. The temperature of the heat
sink can be adjusted by transfer of electric current to the heat
sink. The temperature of the heat sink which is located in the
vicinity of the analyte applied to the mesh can then be used to
adjust the temperature of the analyte.

In various embodiments of the invention, the heating of the
mesh can be affected when in proximity to a radiant heat
source such as a filament with an electric current passing
through the filament.

In various embodiments of the invention, heating the mesh
may be used to facilitate reactions of one or more analyte, the
products of which reactions can be analyzed and can be used
to infer the actual identity or quantity of the one or more
analytes. In various embodiments of the invention, the mesh
can be mounted on a card which can be used to isolate the
analyte from contaminants, facilitating handling of the
sample. In various embodiments of the invention, the material
of'the card is capable of absorbing or otherwise retaining and
releasing a chemical to be used as a dopant to assist ionization
at room temperature or after application of heat to vaporize
the analyte or product. In various embodiments of the inven-
tion, the mesh is in the shape of a cylinder or tube of variable
diameter and size, wherein liquid or solid sample is placed
into the cylinder or tube through an opening. In various
embodiments of the invention, the mesh is shaped like a
“bowtie,” with a thin spot in the middle and two ends that
increase in width as they extend outward away from the
center. In various embodiments of the invention, the mesh is
in the shape of a “trough,” with mesh for the bottom and two
sides and an opening in the top with which to hold loose
chemicals, leaves, pulverized materials, soil, cells, or solid
particles for analysis. In various embodiments of the inven-
tion, a mesh trough 2124 associated with a card 2130 can be
heated by a single power supply (not shown) and used to
analyze a sample (see FIG. 21). FIG. 12 shows Oolong tea
leaves 2280 held in a mesh trough 2124 associated with a card
2130 which can be heated by a power supply (not shown)
according to an embodiment of the invention. FIG. 16 shows
the mass spectrum (with ions at m/z 195.2, 200.3, 369.3,
391.0and 419.0) obtained from a sample of Oolong tea leaves
enclosed in a mesh trough associated with a card which was
heated by a power supply according to an embodiment of the
invention. FIG. 17 shows a conventional DART mass spec-
trum (with ions at m/z 195.2, 216.9 and 390.9) obtained from
a sample of Oolong tea leaves. Comparison of the results
generated by using the two approaches shows an increase the
number and abundance of ions representative of the sample
that have been generated using the greater sampling capacity
of the mesh trough.
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In various embodiments of the invention, a filament can be
deployed with a card. In various embodiments of the inven-
tion, a mesh can be deployed with a card. By deploying the
mesh with a card, the card can be held by the user while a
sample can be applied to the mesh without the sample or the
mesh being contaminated by the user.

In various embodiments of the invention, a reservoir
capable ofholding a gas or liquid can be deployed with a card.
In various embodiments of the invention, a reservoir capable
ot'holding a gas or liquid can be deployed in the vicinity of a
mesh with a card. One or more tubes can be associated with
the reservoir. One of the one or more tubes can be used for
filling the reservoir with a liquid or gas sample. One or more
tubes can be orientated towards a mesh. The reservoir can be
filed or partially filed with a gas or solvent prior to insertion of
the card into an instrument for analysis. The liquid or gas in
the reservoir can be partially or fully expelled by the action of
a force on the reservoir through the one or more tubes. The
one or more tubes which can expel the liquid or gas can
include a tube upon which an electrical potential can be
applied to the tube. Applying the electrical potential to the
tube can induce the liquid or gas to exit the reservoir. The tube
exiting the reservoir can be orientated towards a mesh or a
filament.

A device for analyzing an analyte comprising a spectrom-
eter including an entrance for analyzing the analyte and a
source including a proximal end and a distal end configured
for generating ionizing species, where the distal end is proxi-
mal to the spectrometer entrance, where an atmospheric pres-
sure region is located between the distal end of the source and
the spectrometer entrance. The device further comprising a
supply adapted to one or more of generate, transfer, conduct
and radiate heat and one or more mesh positioned in the
atmospheric pressure region, where the analyte is applied on
or near the one or more mesh, where the supply can one or
more of generate, transfer, conduct and radiate heat to the
analyte, where analyte molecules desorbed from the one or
more mesh interact with the ionizing species generated by the
source to form a plurality of analyte ions which enter the
spectrometer.

A device for analyzing an analyte which comprises a spec-
trometer including a proximal end and a distal end configured
for analyzing the analyte, where an entrance for the analyte is
located at the proximal end and a detector is located at the
distal end, where an atmospheric pressure region is main-
tained through the length of the spectrometer between the
proximal end and the distal end. The device further compris-
ing a source including a proximal end and a distal end con-
figured for generating ionizing species, where the distal end
of'the source is proximal to the spectrometer entrance, where
an atmospheric pressure region is located between the proxi-
mal end of the source and the distal end of the source and
extends to the proximal end of the spectrometer. The device
further comprising a supply adapted to one or more of gen-
erate, transfer, conduct and radiate heat and one or more mesh
positioned in the atmospheric pressure region, where the ana-
lyte is applied on or near the one or more mesh at the proximal
end of the source, where the supply can one or more of
generate, transfer, conduct and radiate heat to the analyte,
where analyte molecules desorbed from the one or more mesh
interact with the ionizing species generated by the source to
form a plurality of analyte ions which enter the spectrometer.

In various embodiments of the invention, the source oper-
ates by a technique selected from the group consisting of
electrospray ionization, nano-electrospray ionization, atmo-
spheric pressure matrix-assisted laser desorption ionization,
atmospheric pressure chemical ionization, desorption elec-
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trospray ionization, atmospheric pressure dielectric barrier
discharge ionization, atmospheric pressure low temperature
plasma desorption ionization, and electrospray-assisted laser
desorption ionization, a direct analysis real time, plasma
assisted desorption/ionization, dielectric barrier discharge
ionization source, desorption atmospheric pressure chemical
ionization, desorption sonic spray ionization, desorption
atmospheric pressure photoionization, and flowing atmo-
spheric-pressure afterglow, an atmospheric laser desorption
ionization, a Corona discharge, an inductively coupled
plasma and a glow discharge source.

In various embodiments of the invention, the spectrometer
is selected from the group consisting of a mass spectrometer,
a handheld mass spectrometer, an ion mobility spectrometer
(IMS) and a handheld IMS. In various embodiments of the
invention, the spectrometer is selected from the group con-
sisting of a quadrupole ion trap, a rectilinear ion trap, a cylin-
drical ion trap, a ion cyclotron resonance trap, an orbitrap, a
sector, and a time of flight mass spectrometer.

In an embodiment of the invention, a device for analyzing
an analyte comprises a spectrometer configured for analyzing
the analyte, with an entrance for accepting analyte ions, a
detector for detecting analyzed analyte ions and an atmo-
spheric pressure source configured for generating ionizing
species. The device further comprises a flow of the analyte
molecules or clusters of analyte and solvent molecules from a
solution where the analyte molecules or clusters of analyte
and solvent molecules interact with the ionizing species gen-
erated by the source to form a plurality of analyte ions which
enter the spectrometer and are analyzed. The flow of the
analyte molecules or clusters of analyte and solvent mol-
ecules can be generated by one or more techniques including
matrix assisted laser desorption, secondary ion impact tech-
niques, electrospray, thermospray and electro-hydrodynamic
desorption. Prior to forming the flow of analyte molecules or
clusters of analyte and solvent molecules, the analyte can be
chromatographically separated by interacting with a solid
support.

A device for analyzing an analyte comprises an ion mobil-
ity spectrometer including an entrance and a detector with a
first potential applied to the ion mobility spectrometer
entrance, a source configured for generating ionizing species,
a supply adapted to one or more of generate heat, transfer
heat, conduct heat, radiate heat and apply an electric poten-
tial, and two or more mesh positioned between the source and
the spectrometer. The analyte is applied on or near a first
mesh, where the supply can one or more of generate heat,
transfer heat, conduct heat and radiate heat to the analyte to
desorb molecules of the analyte, where molecules desorbed
from the first mesh interact with the ionizing species gener-
ated by the source to form analyte ions. The device where the
mesh on which the analyte is applied is grounded. The device
where the mesh on which the analyte is applied does not have
the first potential. The device where the mesh on which the
analyte is applied has a potential that is approximately 100
volts different than the first potential. The device where the
mesh on which the analyte is applied has a potential that is
approximately 1000 volts different than the first potential.
The two or more mesh have two or more potentials, where the
two or more potential are approximately 100 volts different
than the first potential. The two or more mesh have two or
more potentials, where the two or more potential are approxi-
mately 1000 volts different than the first potential.

In various embodiments of the invention, the analyte is of
at least one state selected from the group consisting of solid
phase, liquid phase, and gas phase. In various embodiments
of'the invention, the analyte is of biological origin. In various

30

35

40

45

50

55

60

65

20

embodiments of the invention, the analyte is of non-biologi-
cal origin. In various embodiments of the invention, the ana-
lyte is selected from the group consisting of an industrial
work piece, a pharmaceutical product, a pharmaceutical
ingredient, a food, a food ingredient, a toxin, a drug, an
explosive, a bacterium, and a biological tissue.

While the systems, methods, and devices have been illus-
trated by describing examples, and while the examples have
been described in considerable detail, it is not the intention of
the applicants to restrict or in any way limit the scope of the
appended claims to such detail. It is, of course, not possible to
describe every conceivable combination of components or
methodologies for purposes of describing the systems, meth-
ods, and devices provided herein. Additional advantages and
modifications will readily be apparent to those skilled in the
art. Therefore, the invention, in its broader aspects, is not
limited to the specific details, the representative system,
method or device, and illustrative examples shown and
described. Accordingly, departures may be made from such
details without departing from the spirit or scope of the appli-
cant’s general inventive concept. Thus, this application is
intended to embrace alterations, modifications, and variations
that fall within the scope of the appended claims. Further-
more, the preceding description is not meant to limit the scope
of the invention. Rather, the scope of the invention is to be
determined by the appended claims and their equivalents.

What is claimed is:

1. A device for ionizing an analyte comprising:

one or more mesh;

an atmospheric pressure source configured to direct an

ionizing species at the one or more mesh; and

a supply to one or more of generate heat, transfer heat,

conduct heat and radiate heat to the one or more mesh,
where the analyte is present on the one or more mesh.

2. The device of claim 1, further comprising a gas ion
separator positioned distal to the one or more mesh and distal
to the atmospheric pressure source.

3. The device of claim 1, wherein the atmospheric pressure
source is selected from the group consisting of a direct analy-
sis real time (DART), Plasma Assisted Desorption/lonization
(PADI), Dielectric Barrier Discharge ionization source
(DBDI or DCBI), Desorption Atmospheric Pressure Chemi-
cal Ionization (DAPCI), Desorption Sonic Spray lonization
(DeSSI), Desorption Atmospheric Pressure Photoionization
(DAPPI), and Flowing Atmospheric-Pressure Afterglow
(FAPA) and a desorption electrospray ionization (DESI), an
atmospheric laser desorption ionization, a Corona discharge,
an inductively coupled plasma (ICP) and a glow discharge
source.

4. The device of claim 1, where the supply is adapted to
deliver a power to one of the one or more mesh of between:

a lower limit of approximately 10.sup.2 Watts; and

an upper limit of approximately 10.sup.3 Watts.

5. The device of claim 1, further comprising an ion mobil-
ity spectrometer to analyze analyte ions.

6. The device of claim 1, where the supply applies a first
potential to a first mesh containing the analyte.

7. The device of claim 6, where the supply applies a second
potential to a second mesh, where the second potential is
different from the first potential.

8. The device of claim 7, where analyte ions desorbed from
the first mesh have a kinetic energy that can be adjusted by
adjusting the second potential.

9. The device of claim 1, where the supply independently
heats a first location and a second location on at least one of
the one or more mesh, where the first location is different than
the second location.
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10. The device of claim 1, where a first mesh is orientated
relative to a second mesh, where the ionizing species contact
the first mesh before the ionizing species contact the second
mesh.

11. The device of claim 10, where a tube is used to deliver
a solution containing the analyte on the first mesh.

12. A device for ionizing an analyte comprising:

one or more mesh;

an atmospheric pressure source configured to direct ioniz-

ing species at the one or more mesh; and

a supply to one or more of generate heat, transfer heat,

conduct heat and radiate heat to the one or more mesh,
where the analyte is introduced at a distance from the
one or more mesh that allows the supply to transfer heat
to the analyte.

13. The device of claim 12, where a tube is used to deliver
a solution containing the analyte at the distance from the one
or more mesh.

14. The device of claim 12, where a region distal to the one
or more mesh and distal to the atmospheric pressure source is
at approximately atmospheric pressure.

15. The device of claim 12, where the ionizing species are
generated at least in part by heating an ionizing gas.
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16. The device of claim 13, where at least one of the one or
more mesh comprises two or more connected filaments.

17. The device of claim 16, where at least one of the two or
more connected filaments are selected from the group con-
sisting of a metal, an animal string, paper, perforated paper,
fiber, cloth, silica, plastic, plastic foam, polymer, teflon, poly-
mer impregnated teflon, cellulose, hydrophobic support
material coated filament and hydrophobic support material
impregnated filament.

18. A device for ionizing an analyte comprising:

a wire mesh;

an atmospheric pressure source configured to direct ioniz-

ing species at the wire mesh; and

a supply to one or more of generate heat, transfer heat,

conduct heat and radiate heat to the wire mesh, where the
analyte is introduced at a distance from the wire mesh
that allows the supply to transfer heat to the analyte.

19. The device of claim 18, further comprising where the
supply can apply a first potential to the wire mesh.

20. The device of claim 18, where the supply heats a first
location on the wire mesh to a first temperature and a second
location on the wire mesh to a second temperature, where the
first temperature is different than the second temperature.
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